) hemopoietic cells precan be mobilized, presumably from the bone marrow, into the dominate in patients with chronic myeloid leukemia (CML) in blood of CML patients following chemotherapy. 9 The blood of chronic phase, but some Ph − presumably normal stem cells CML patients has also been used for autologous rescue follow- 
Introduction
The results show that primitive BCR/ABL − cells circulate in the blood of chronic phase CML patients. They are enriched Chronic myeloid leukemia (CML) is characterized by a in the fraction of CD34 + cells that adhere to tissue culture reciprocal translocation between chromosomes 9 and 22 plastic and are predominantly CD33, CD38 and HLA-DR anti-(t [9;22] [q34;q11]) which results in the formation of the Philagen-negative. These findings support the view that adhesion delphia (Ph) chromosome. 1 At the molecular level, the Ph to plastic is a property of very primitive normal hemopoietic chromosome involves the fusion of the BCR and ABL genes cells, [18] [19] [20] [21] [22] and have implications for the use of peripheral and the production of a p210 protein tyrosine kinase. 2, 3 It is blood cells for autografting patients with CML. likely that the rearrangement of BCR and ABL is responsible for the expansion of pluripotent leukemic stem cells and the production of large numbers of committed myeloid, erythroid and megakaryocytic progeny in CML. 4 It may also be responMaterials and methods sible for the adhesive defect that characterizes primitive progenitor cells in CML. 5, 6 Cells Good evidence for the persistence of normal hemopoietic stem cells in the marrow of patients with CML has been provided by the Ph chromosome-negative recovery of patients Peripheral blood cells were obtained from patients with treated with ␣-interferon 7 and Ph − hemopoiesis seen after chronic phase (CP) CML in the outpatient clinic ( 
CD34
+ cell purification + CD38 lo and CD34 + HLA-DR lo cells were preparations. Some slides were stained with May-GrunwaldGiemsa to examine cell morphology. Other slides were fixed fixed in acetone for 10 min, dehydrated in ascending concentrations of alcohol, denatured and dehydrated again. Cells in methanol for 8 min, stained with antibodies to CD33, CD38 or HLA-DR (all from Dako, High Wycombe, UK) and finally were then probed using a mixture of BCR labeled with SpectrumGreen and ABL labeled with SpectrumOrange (Vysis, double-stained with peroxidase and alkaline phosphatase. 24 In order to quantitate the percentage of plastic-adherent Woodcreek, IL, USA). The probe mixture was denatured at 73°C for 5 min and immediately placed on the slides on a CD34
+ cells, a known number of CD34 + cells was incubated on a slide as before. The adherent cells were stained with slide warmer at 45-50°C. The slides were sealed with coverslips and incubated for 12 h at 37°C in a humidified 4′,6-diamidino-2-phenylindole (DAPI; Sigma, Poole, UK) and viewed microscopically for direct counting.
atmosphere. Coverslips were then removed and the slides were washed twice in 2 × SSC, thrice in 50% formamide/2 × SSC pH 7. transcriptase polymerase chain reaction (RT-PCR) was carried shown in Figure 3 . Antigen-negative cells were twice as frequent in the adherent compared with the non-adherent CD34 + out using b2a2 and b3a2 junction-specific primers by standard methodologies.
26
cell population with the exception of CD38 − cells which were enriched five-fold. Preselection for CD34 expression with or without further selection for plastic-adherent cells accounts for the relatively high percentage of antigen-negative cells in Statistical analysis these preparations. Enrichment was statistically significant for all antigens tested. These results demonstrate that adherent Data were analyzed by non-parametric methods using the StatView SE + Graphics software for the Macintosh computer CD34 + cells in normal marrow and in chronic phase CML blood can be classified as primitive cells by morphological (Abacus Concepts, Berkeley, CA, USA). and phenotypic criteria. cells. The frequencies of false negative events were evaluated using the BCR/ABL + SD1 cell line by scoring BCR and ABL signals that were more than one signal-width apart in cells with a nuclear area of less than 250 m 2 (ie with a nuclear size similar to that of adherent CD34 + cells). These criteria were used because the frequency of false negative events is a function of nuclear size and is increased by scoring cells as Ph − unless signals touch or overlap. 27 The false negative frequency using these criteria was 0.64%. An example of FISH analysis of CML cells is shown in Figure 4 . + peripheral blood cells are shown in Table 1 . In all cases, there were relatively more BCR/ABL − cells in the adherent fraction than in the non-adherent fraction, corresponding to a three-fold enrichment (P = 0.0009) in the adherent fraction. There was no correlation between the percentage of BCR/ABL − adherent CD34 + cells and patient age or sex (r = 0.05 and 0.20, respectively), the height of the white cell count (r = 0.08), therapy (P = 0.25) or the length of the chronic phase (r = 0.12).
Results

Expression of BCR/ABL in CD34
The frequency of BCR/ABL − adherent CD34 + cells is much lower than the frequency (85%) of the HLA-DR − cells indicating that about 85% of the HLA-DR − cells could be BCR-ABL + . Therefore, we evaluated the BCR/ABL status of cells that had able alkaline phosphatase staining were BCR/ABL + by FISH.
(c) Larger blast-like non-adherent CD34 + cells stained with MayGrunwald-Giemsa.
BCR/ABL-negative CD34
+ cells in CML FH Grand et al 1490 compartment is likely to be a component of myeloid expansion in CML. We have measured the frequency of Ph − cells in the plasticadherent CD34
+ cell fraction of mononuclear cells obtained from the blood of patients with chronic phase CML. Equivalent cell fractions obtained from normal adult bone marrow contain primitive progenitors of granulocyte-macrophage colony-forming cells (CFU-GM), erythroid burst-forming units (BFU-E) and cobblestone area-forming cells. [19] [20] [21] [22] As shown in Figures 1 and 2 , the adherent CD34 + cells have a small lymphocyte-like morphology and the majority do not express CD33, CD38 or HLA-DR. Consequently, a proportion of these cells must be negative for two, possibly three, of the antigens tested. The high frequencies of antigen-negative cells in these preparations are accounted for by our use of selected CD34 + cell populations and further selection by adherence to tissue culture plastic. We found that 2.19 ± 1.06% of the CD34 + cells in CML blood adhere to tissue culture plastic and parallel studies have shown that 0.58 ± 0.14% (mean ± s.d.; n = 7) of the CD34
+ CML cells adhere to plastic and produce CFU-GM in a delta assay (Ref. 21 and SBM, unpublished data). These data imply that 37.8 ± 10.8% (standard error of ratio 35 ) of the 31 and the well-demonstrated transdetected in about 60-90% of the CML cells in which the actin forming activity of BCR-ABL in experimental systems, [32] [33] [34] message was present. indicate that an increase in the size of the leukemic stem cell In our group of unselected patients there was no correlation between the frequency of adherent Ph − cells and the age or sex of the patient, the height of the white cell count, treatment 
